Basal cell carcinoma of the anal region is rare and morphologically difficult to distinguish from basaloid squamous cell carcinoma, particularly on biopsies. This distinction has therapeutic and prognostic implications. We reviewed morphological features of 9 basal cell carcinomas and 15 basaloid squamous cell carcinomas from the anal region diagnosed during 1993-2011 and determined the utility of Ber-EP4, BCL2, TP63, CK5/6, CDKN2A, and SOX2 as diagnostic tools. Immunostains were scored in a semi-quantitative manner (1 þ -1-10%, 2 þ -11-50%, 3 þ -450%). All basal cell carcinomas were located in the perianal region, while all basaloid squamous cell carcinomas originated in the anal canal/anorectum. Nodular subtype of basal cell carcinoma was the most common subtype. Retraction artifact was the only significant distinguishing histological feature of basal cell carcinoma compared with basaloid squamous cell carcinoma (88% vs 26%; P ¼ 0.04). Atypical mitoses were more common in basaloid squamous cell carcinomas (71% vs 11%; P ¼ 0.05). An in situ component was only present in basaloid squamous cell carcinomas, and was noted in 6/15 cases. Basal cell carcinomas had 2-3 þ Ber-EP4 (basal cell carcinoma 100% vs basaloid squamous cell carcinoma 40%; Po0.001) and BCL2 immunoreactivity (basal cell carcinomas 100% vs basaloid squamous cell carcinoma 33%; Po0.001). Diffuse CDKN2A and SOX2 expression was seen only in basaloid squamous cell carcinomas (basal cell carcinoma 0% vs basaloid squamous cell carcinoma 93%; Po0.001). There was no difference in TP63 and CK5/6 expression. Perianal location, retraction artifact, and lack of atypical mitoses are histological features that help distinguish basal cell carcinoma from basaloid squamous cell carcinoma. An in situ component, when present, supports the diagnosis of basaloid squamous cell carcinoma. Immunostains are extremely helpful as diffuse Ber-EP4 and BCL2 expression is a feature of basal cell carcinoma and basaloid squamous cell carcinoma is typified by diffuse CDKN2A and SOX2 expression. Modern Pathology (2013Pathology ( ) 26, 1382Pathology ( -1389 doi:10.1038/modpathol.2013 published online 19 April 2013 Keywords: Anal; basal cell carcinoma; basaloid squamous cell carcinoma; perianal; SOX2 Anal carcinomas account for nearly 2% of all colorectal malignancies. Squamous cell carcinomas are the most common type of tumors that arise within the anal canal and perianal region, the basaloid variant being the most common phenotype. By contrast, basal cell carcinomas of the anal/ perianal region are extremely rare and comprise 0.2% of all anorectal neoplasms. 1 Basaloid squamous cell carcinoma and basal cell carcinoma show overlapping histological features. Both tumors are composed of nests of oval cells with moderate amount of eosinophilic to basophilic cytoplasm, peripheral nuclear palisading, and variable mitotic activity. Some differences do exist; squamous cell carcinomas arise from a known precursor lesion (anal squamous intraepithelial neoplasia) while basal cell carcinomas do not have a well-defined precursor. Squamous cell carcinomas may either arise within the anal canal (2 cm length of anal canal that extends from the anal verge to the dentate line) or at the anal margin/perianal skin (defined as the anatomical region between the distal end of the anal canal and 5 cm margin of perianal skin beyond the
Anal carcinomas account for nearly 2% of all colorectal malignancies. Squamous cell carcinomas are the most common type of tumors that arise within the anal canal and perianal region, the basaloid variant being the most common phenotype. By contrast, basal cell carcinomas of the anal/ perianal region are extremely rare and comprise 0.2% of all anorectal neoplasms. 1 Basaloid squamous cell carcinoma and basal cell carcinoma show overlapping histological features. Both tumors are composed of nests of oval cells with moderate amount of eosinophilic to basophilic cytoplasm, peripheral nuclear palisading, and variable mitotic activity. Some differences do exist; squamous cell carcinomas arise from a known precursor lesion (anal squamous intraepithelial neoplasia) while basal cell carcinomas do not have a well-defined precursor. Squamous cell carcinomas may either arise within the anal canal (2 cm length of anal canal that extends from the anal verge to the dentate line) or at the anal margin/perianal skin (defined as the anatomical region between the distal end of the anal canal and 5 cm margin of perianal skin beyond the anal verge) while basal cell carcinomas usually arise at the anal margin. Rarely, basal cell carcinomas may extend from the anal margin and occur as a contiguous mass, extending into the anal canal. Thus, distinguishing these two entities can be challenging, especially on limited biopsy samples.
The role of immunohistochemical markers such as Ber-EP4 2-4 and BCL2 [5] [6] [7] to differentiate cutaneous basal cell carcinomas from squamous cell carcinomas has been well documented. Similarly, CDKN2A immunohistochemistry is now routinely employed as a surrogate marker for HPV-induced anal squamous dysplasia and carcinomas. 8, 9 As these markers have not been systematically investigated in anal basal cell carcinomas, we decided to interrogate their utility in distinguishing these two entities.
Sex-determining region Y-box 2 or SOX2 gene encodes for a transcription factor that preserves the pluripotential function of stem cells. 10 Recently, Long and Hornick 11 demonstrated increased expression of SOX2 in anal squamous cell carcinomas compared with adenocarcinomas. In addition to SOX2, the pattern of expression of squamous cell differentiation markers such as TP63 and cytokeratin 5/6 has never been evaluated in basal cell carcinomas of the anal region.
Basaloid squamous cell carcinomas are aggressive tumors with a tendency to recur and metastasize to regional lymph nodes. They are often subject to chemoradiation therapy with or without surgery. By contrast, basal cell carcinomas are typically treated with wide local excision, and rarely need any subsequent therapy. Given the prognostic and therapeutic implications of this distinction, we performed a systematic retrospective analysis of a series of anal/ perianal basal cell carcinomas and basaloid squamous cell carcinomas to evaluate the morphological differences between the two entities and assessed the utility of a panel of aforementioned immunohistochemical markers to aid in this distinction.
Materials and methods

Histological Review
Following approval by Cleveland Clinic's Institutional Review Board, we performed a database search for basal cell carcinomas and basaloid squamous cell carcinomas/squamous cell carcinoma with basaloid features diagnosed between January 1993 and July 2011. Besides documenting patient age, gender, and tumor location, hematoxylin and eosin-stained slides were reviewed for the following histological features: connection with surface epithelium/epidermis, presence of keratinization, necrosis, peripheral palisading, tumor retraction artifact, cystic degeneration, inflammatory response, and mitotic activity. Basal cell carcinomas were further subtyped based on their architectural growth pattern and differentiation.
Immunohistochemical Analysis
The details of antibodies are shown in Table 1 . Cytoplasmic and membranous expression of Ber-EP4, BCL2, CK5/6, nuclear expression of TP63, SOX2, and nuclear and/or cytoplasmic expression of CDKN2A were evaluated in a semi-quantitative manner as follows: 1 þ -1-10% cells, 2 þ -11-50% cells, and 3 þ -450% cells. Immunoreactivity in 410% cells was considered to be positive. In addition, the intensity of staining (weak, moderate, or strong) was also documented.
Statistical Analysis
Dichotomous measures were compared using the Fisher's exact or chi-square test test. Additionally, differences in the histological variables between the two groups were also analyzed. A P-value of o0.05 was considered statistically significant.
Results
Subject Demographics
A total of 9 patients with basal cell carcinomas and 15 patients with basaloid squamous cell carcinomas formed the cohort of this study. In both the groups, women were more commonly affected than men (female: male ratio ¼ 4:1-basal cell carcinoma; 2:1-basaloid squamous cell carcinoma). Subjects diagnosed with basal cell carcinoma were slightly older than those diagnosed with basaloid squamous cell carcinoma (71 vs 62 years; P ¼ 0.09). All 9 (100%) basal cell carcinomas were located in the perianal region/anal margin. In one example, the tumor presented as contiguous mass extending from the anal margin to the anal canal. All 15 basaloid squamous cell carcinomas (100%) arose within the anal canal. Of the nine patients with basal cell carcinoma, four had history of cutaneous basal cell carcinomas, including one with history of Gorlin syndrome. Three of nine basal cell carcinoma patients had other associated malignancies; two were diagnosed with infiltrating ductal carcinoma of breast and one had received treatment for diffuse large B-cell lymphoma. In the basaloid squamous cell carcinoma cohort, one subject had undergone hysterectomy for cervical squamous cell carcinoma and another had a history of infiltrating ductal carcinoma of breast.
Histological Review and Analysis
The subtypes of basal cell carcinomas included nodular (4/9), nodular/micronodular (2/9), nodular/ infiltrative (1/9), nodular/superficial (1/9), and superficial (1/9). In each example, the tumor was composed of round to oval cells with minimal cytoplasm, indistinct cell borders, and fine-to-coarse nuclear stippling. Although mitotic activity was evident, atypical mitotic figures were not present in any of the examples. The tumor nests demonstrated distinct peripheral nuclear palisading and most cases also showed a slit-like stromal retraction artifact around these nests. Basaloid squamous cell carcinomas were characterized by a solid and lobular growth pattern composed of basaloid cells with minimal cytoplasm, increased nuclear to cytoplasmic ratio, and pleomorphic, hyperchromatic nuclei, with readily visible nucleoli. Frequent mitotic activity, including atypical mitotic figures, was noted in all the cases of basaloid squamous cell carcinoma. The tumor nests showed peripheral nuclear palisading and with surrounding stromal fibroplasia. A comparative analysis of histological features is summarized in Table 2 . Briefly, the majority of basal cell carcinomas (89%) showed a distinct connection with the overlying squamous epithelium/epidermis. This feature was documented in 8/14 (57%) cases of basaloid squamous cell carcinomas in which surface epithelium was available for evaluation. Squamous differentiation in the form of keratinization was noted in both basal cell carcinomas and basaloid squamous cell carcinomas (56% vs 67%). Tumor necrosis was more frequently associated with basaloid squamous cell carcinomas compared with basal cell carcinomas (60% vs 33%). None of these differences were found to be statistically significant. Similarly, the presence of cystic change and inflammation did not help in separating the two entities (Table 2 ). In contrast to these features, tumor retraction artifact was significantly associated with basal cell carcinomas as compared with basaloid squamous cell carcinomas (89% vs 27%; P ¼ 0.037) (Figures 1 and 2 ). Both basal cell carcinomas and basaloid squamous cell carcinomas showed mitotic activity; however, atypical mitotic figures were predominantly seen in basaloid squamous cell carcinomas (71% vs 11%; P ¼ 0.05). Nuclear palisading towards the periphery of tumor nests was slightly more predominant in basal cell carcinomas compared with basaloid squamous cell carcinomas, and this difference approached statistical significance (89% vs 40%; P ¼ 0.07). Of the 15 basaloid squamous cell carcinomas, an in situ component was identified in 6 cases while none of the basal cell carcinomas showed evidence of adjacent dysplasia.
Immunohistochemical Analysis
Diffuse and strong Ber-EP4 staining was noted in all the nine basal cell carcinomas (100%) and in 40% basaloid squamous cell carcinomas (Po0.001; Table 3 , Figures 1 and 2) . Similarly, moderate-tostrong BCL2 immunoreactivity was present in all basal cell carcinomas (100%) compared with 5/15 (33%) basaloid squamous cell carcinomas (Po0.001). By contrast, none of the basal cell carcinomas and 14/15 (93%) basaloid squamous cell carcinomas showed 2 þ /3 þ diffuse and strong staining with CDKN2A and SOX2 (Po0.001). All basal cell carcinomas showed either no staining with CDKN2A or showed a weak, patchy immunoreactivity (o10% cells) restricted to the periphery of tumor nests. TP63 and CK5/6 expression did not differentiate the two groups, as diffuse and strong staining was observed in all the basal cell carcinomas and 13/15 basaloid squamous cell carcinomas.
Clinical Follow-up
Of the nine basal cell carcinomas, clinical follow-up information was available for eight subjects. All patients were treated with local excision and negative margins. Over a mean follow-up period of 4.1 years (range: 1-14 years; median: 2.5 years), 6 of the 8 patients were alive without evidence of local recurrence/disease. Two patients died of unrelated causes. In the basaloid squamous cell carcinoma cohort, 5 of 15 patients underwent excision alone, 4 underwent abdominoperineal resection, 4 were administered chemoradiation therapy following excision, and 2 patients were hemorrhoids or anal cysts. Similar to basal cell carcinomas elsewhere, they are characterized by tumor nests with peripheral palisading of nuclei and stromal retraction. 29 Although most lesions tend to be localized and thus amenable to wide excision, they may occasionally extend into the anal canal and present as anal canal masses, as noted in one of our cases. In these clinical situations, the morphological overlap between a relatively more common neoplasm, basaloid squamous cell carcinoma, and basal cell carcinoma can pose a significant diagnostic challenge to surgical pathologists. Although case reports have alluded to the differences between these two entities, a systematic analysis of clinicopathological features has never been reported. Besides analyzing these features in 9 basal cell carcinomas and 15 basaloid squamous cell carcinomas culled over a period of 18 years, our study also evaluates the utility of immunohistochemical markers Ber-EP4, BCL2, CDKN2A, SOX2, TP63, and CK5/6 in differentiating these entities. Anal basal cell carcinoma and basaloid squamous cell carcinoma Similar to previous reports, 1,2,12-28 all basal cell carcinomas arose in the perianal region while all basaloid squamous cell carcinomas were located within the anal canal. We found that tumor retraction artifact was the only histological feature that was significantly associated with basal cell carcinomas compared with basaloid squamous cell carcinomas. Additionally, atypical mitotic figures were more frequent in basaloid squamous cell carcinomas compared with basal cell carcinomas. Squamous dysplasia was noted in six examples and was exclusively associated with basaloid squamous cell carcinomas. In their series of five basal cell carcinomas, Gibson et al 27 noted that nodular basal cell carcinoma was the most common subtype of perianal basal cell carcinoma. This was confirmed in our study, wherein, the nodular subtype, either in its pure form or in combination with other subtypes (micronodular/infiltrative/superficial), was present in 8/9 basaloid squamous cell carcinomas.
The utility of Ber-EP4 in distinguishing cutaneous squamous cell carcinomas from basal cell carcinomas has been well documented. 2, 4, 13 Ber-EP4 antibody targets the epithelial membrane glycoproteins and most basal cell carcinomas typically demonstrate diffuse cytoplasmic and membranous expression. This holds true for perianal basal cell carcinomas and has been demonstrated in studies by Alvarez-Cañ as MC et al 12 and a recent report by Kreuter et al. 13 Our study shows similar findings; all nine basal cell carcinomas exhibited diffuse membranous and cytoplasmic immunoreactivity. Interestingly, Ber-EP4 staining was not exclusive to the basal cell carcinoma group and 2 þ (3 cases) or 3 þ (3 cases) staining was noted in 40% of basaloid squamous cell carcinomas. Similar to Ber-EP4, BCL2 is expressed in 67-100% of cutaneous basal cell carcinomas. 5, 6, 30 All anal/perianal basal cell carcinomas (100%) in the current study also showed moderate-to-strong staining compared with only 33% of basaloid squamous cell carcinomas. It is likely that BCL2 expression in basaloid squamous cell carcinomas is a function of altered apoptotic pathway in these tumors. The only study interrogating the prognostic value of pro and antiapoptotic protein expression in anal carcinomas was by Allal et al. 31 In that study, BCL2 expression was noted in 42% of anal squamous cell carcinomas (basaloid squamous cell carcinoma comprised 64% of their cohort) and BCL2-positive tumors were associated with a significantly better local control and disease-free survival. In their multivariate analysis, loss of BCL2 expression was found to be an independent negative factor for both local control and disease-free survival. A similar trend was observed in our study, wherein, 6 of 10 basaloid squamous cell carcinomas with lack of BCL2 expression developed recurrent disease, nodal metastasis, or distant metastasis.
Similar to studies in cutaneous squamous cell carcinomas and basal cell carcinomas, [32] [33] [34] all anal/ perianal basal cell carcinomas and 13/15 basaloid squamous cell carcinomas were diffusely positive for CK5/6 and TP63 and thus did not help in distinguishing these two entities.
Human papilloma virus infection has a major role in the pathogenesis of anal squamous cell carcinoma. 35, 36 In a systematic study on 29 anorectal squamous cell carcinomas, diffuse and strong CDKN2A nuclear and/or cytoplasmic staining was observed in all the cases, majority of which demonstrated a basaloid phenotype. 8 Our results are comparable with this study; 14/15 (93%) examples of basaloid squamous cell carcinomas showed diffuse and strong nuclear and cytoplasmic immunoreactivity. Thus far, only one case report has documented CDKN2A expression in perianal basal cell carcinoma. 13 The authors report an HPV-negative perianal basal cell carcinoma that was diffusely positive for Ber-EP4 and showed strong nuclear and cytoplasmic CDKN2A expression. Based on studies performed in cutaneous basal cell carcinomas, [37] [38] [39] it appears that a subset (up to 50%) 38 of cutaneous basal cell carcinomas arising in sun-exposed areas can express CDKN2A; however, this is most likely a result of non-HPVrelated cell-cycle dysregulation. In our hands, none of the basal cell carcinomas expressed CDKN2A, and thus this marker was extremely helpful in separating these two entities.
The current study also illustrates the utility of SOX2 in differentiating basaloid squamous cell carcinomas from basal cell carcinomas of the anal/ perianal region. None of the basal cell carcinomas and 14/15 (93%) basaloid squamous cell carcinomas showed nuclear SOX2 expression. These findings are in accord with the results published by Long et al, 11 who documented overexpression of SOX2 in all anal squamous cell carcinomas. Additionally, all basal cell carcinomas and basaloid squamous cell carcinomas showed nuclear staining in the adjacent non-neoplastic squamous epithelium/epidermis. The staining was strongest in the basal cell layer and progressively decreased with maturing epithelium. Although SOX2 is not considered to 40 Our findings indicate that unlike its potential role as a cancer stem-like cell/ tumor-initiating cell marker in various cancers such as lung adenocarcinoma, 41 gastric carcinoma, 42 breast carcinoma, 43 head and neck squamous cell carcinomas, 44 and metastatic melanomas, 45 it does not appear to mediate regulation of progenitor cells of the folliculo-sebaceous unit or interfollicular epidermis from which basal cell carcinomas originate. 29 The differential expression of SOX2 not only allows for a reliable distinction between basal cell carcinomas and basaloid squamous cell carcinomas but also provides opportunities for selective therapeutic intervention in basaloid squamous cell carcinomas. 46 Lastly, the exact pathogenesis of basal cell carcinomas arising in non-sun-exposed areas remains unclear. In our cohort, 1/9 patients was diagnosed with Gorlin syndrome and 3/9 patients had multiple cutaneous basal cell carcinomas. It can be reasonably argued that these individuals probably have alterations in the sonic hedgehog pathway, a pathway that has been implicated in most syndromic and sporadic forms of cutaneous basal cell carcinomas. For the remainder of the cohort, it has been speculated that chronic skin trauma, scars, radiation therapy, especially for pelvic tumors, may be some of the inciting factors that trigger the molecular machinery responsible for the development of basal cell carcinomas. [47] [48] [49] In summary, in this systematic comparative analysis of 9 basal cell carcinomas and 15 basaloid squamous cell carcinomas, we have shown that morphological assessment in conjunction with immunohistochemical markers can reliably distinguish basal cell carcinomas from basaloid squamous cell carcinomas of the anal/perianal region. Basal cell carcinomas usually arise in the perianal region while basaloid squamous cell carcinomas typically arise within the anal canal. Although precise localization of the tumor is helpful when approaching these tumors, on rare occasions, basal cell carcinomas may present as anal canal lesions. Compared with basaloid squamous cell carcinomas, basal cell carcinomas are significantly associated with tumor retraction artifact and lack atypical mitotic figures. The presence of an adjacent precursor lesion supports the diagnosis of basaloid squamous cell carcinoma rather than basal cell carcinoma. Immunohistochemically, diffuse Ber-EP4 and BCL2 staining are a feature of basal cell carcinoma while diffuse CDKN2A and SOX2 expression are almost exclusively associated with basaloid squamous cell carcinoma.
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